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[57] ABSTRACT

A method of determining the optimum values of volt-
age and current for operation of an X-ray source by
choosing a point of intersection at the lowest voltage
value of a curve representing an operating range limita-
tion function of the X-ray source with a curve repre-
senting a current-voltage function that passes through a
desired operating current value that is determined by
means of one or more exposure measurements.

6 Claims, 5 Drawing Figures
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METHOD OF DETERMINING VOLTAGE AND
CURRENT FOR A GIVEN OPERATING PERIOD
OF AN X-RAY SOURCE |

This is a continuation of application Ser. No. 512,920,
filed Oct. 7, 1974, and now abandoned.

The invention relates to a method of and apparatus
for determining the voltage and current values to be
applied to an X-ray source during a given actuation
period of the X-ray source, the X-ray source having a
given operating range limitation nomogram, and in
which a desired current time product for the X-ray
source is determined with the aid of an X-ray exposure
meter to provide a desired radiation quantity dose.

Such a method is usually based on experience and 1s
performed by those skilled in the art of operating X-ray
equipment.

The invention has for its object to simplify this
method so that those less experienced and skilled in the

art of operating X-ray equipment also can perform this

method with a very favorable resulit.

To this end a method of the kind described in the
preamble and according to the invention 1s character-
ized in that the current time product is determined at a
given voltage applied to the radiation source while with
the aid of a voltage-current function which applies to
the desired radiation quantity, which function, 1s passed
through the current intensity associated with the de-
sired current time product, and with the aid of the oper-
ating range limitation nomogram with the same current
scale as the voltage-current function, the point of inter-
section of the voltage-current function and the operat-
ing range limitation nomogram with the lowest voltage
value is determined, and that said lowest voltage value
is taken as a target value for the determination of the
current with the aid of the load nomogram.

A circuit arrangement for performing such a method
is characterized in that the X-ray exposure meter in-
cludes a circuit for determining the logarithm of the
desired current value associated with the apphied volt-
age and a chosen period and for supplying a voltage
proportional to this logarithms to its output which is
coupled to a first input of an adder and subtractor cir-
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cuit, a second input of which is coupled to an output of 45

a clamping circuit an input of which is coupled to an
output of a voltage-current function generator which
supplies an output voltage proportional to the logarithm
of a current value associated with an input voltage. A
third input of the adder and subtractor circuit is coupled
to an output of an operating range limitation nomogram
~ function generator supplying an output voltage propor-
tional to the logarithm of a current value associated
with an input voltage. An input of said function genera-
tors is coupled to an output of the adder and subtractor
circuit, said output being furthermore coupled to a
control signal input of a voltage control circuit of the
radiation source.

50
~ desired density. A subsequent exposure measurement Is

53
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FIG. 4 shows by way of a block-schematic diagram a
clamping circuit and an adder and subtractor circuit for
a circuit arrangement of FIG. 2,

FIG. 5 shows a flow chart of the novel method.

The novel method will become apparent by reference
to FIGS. 1 and 6 of the drawing and the following
description.

FIG. 1 shows a voltage-current range for voltage and
currents of an X-ray source with a logarithmic current
scale denoted by log I on the vertical axis and a voltage
scale which, if desired, may also be logarithmic, but 1s
denoted by V on the horizontal axis.

Furthermore the reference numeral 1 denotes an
operating range limitation nomogram of an X-ray
source and 2 and 3 denote some curves corresponding
to some radiation quantities suitable for photo or film
for observation purpose obtained by irradiation of an
object.

The operating range limitation nomogram 1 of the
X-ray source under pick-up conditions gives the rela-

‘tionship, for a given energization period of the radiation

source, of the maximum suitable current value for a
chosen voltage for energizing this source.

The method is as follows. At a given voltage V.:and
a corresponding current I, applied to an X-ray source,
an exposure measurement is performed at the area of an
observation device to be exposed and with a given ener-
gization period of the radiation source. From this mea-
surement a desired current value I, associated with this
voltage V.5 is found which will yield a certain density
for photo or film. In the case of films and photos the
energization period for an exposure measurement is
equal to that for pick-up while with the use of a film
exchanger a certain ratio between these energization
periods can be taken. Through the point in FIG. 1 cor-
responding to the desired current value I,; and the
given voltage value V. the curve 2 is provided which
connects points with voltage and current values which
would cause the same density. The point of intersection
with the lowest voltage value of one of the two points
of intersection of this curve 2 with the nomogram 1 1s
determined by Vi, and a current value I;. This is the
most suitable adjustment for the radiation source be-
cause in case of a maximum control of the source ac-
cording to a. nomogram value the radiation is obtained
at the lowest possible voltage which yields the optinum
contrast for photo or film.

In case of a large deviation between Vyesand V ming
it may occur that the film density at the values found for
V mini and I; will exhibit a slight deviation relative to the

then performed using the previously determined volt-
age value V,in; thereby yielding a desired current value
I,.», which may slightly deviate from the current value
I; previously found. The curve 3 for a density associ-

ated with these new voltage and current values Vuiny,

L., is drawn through the point with the last determined

- values and the point of intersection Vpin; with the no-

The invention will be described in greater detail with

reference to the accompanying drawing in which.
FIG. 1 shows a voltage-current characteristic relat-

ing to the operation of an X-ray tube useful in describ-

ing the method according to the invention,
-FIG. 2 illustrates by way of a block-schematic dia-
gram a circuit arrangement for performing method,
FIG. 3 illustrates by way of a block-schematic dia-
gram an X-ray exposure meter for the circuit arrange-
ment of FIG. 2,
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mogram 1 yields an associated value I for the current
which will then produce a more accurate approxima-
tion of the correct value. Although generally one or
two exposure measurements are sufficient this proce-
dure may be repeated, if desired, until the values found
for I,,,. 1 and I, substantially coincide, which will gen-
erally be the case after three exposure measurements.
By using a logarithmic current scale the curve 3 may
be obtained by shifting the curve 2 in the vertical direc-
tion so that, for example, with the aid of a jig moved
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along a ruler this curve can be drawn in a simple man-
ner through an arbitrary point in the graph so that the
voltage and current values to be adjusted can be deter-
mined very quickly and simply even by persons that are
not very skilled in the art or have little experience in the
use of X-ray equipment.

The novel apparatus now will be described with

reference to FIGS. 2 and 5. The reference numerals
denoting the waveforms of FIG. 5 are keyed to the

- corresponding elements or terminals in FIG. 2, e.g.

waveform 45’ in FIG. § is the waveform at terminal 45
of pulse source 47.

In FIG. 2 an X-ray source § 1s connected to a conven-
tional voltage control circuit 7 and a current control
circuit 9, each having control signal inputs 11 and 13,
respectively. The voltage control circuit 7 regulates the
amplitude of the anode-cathode operating voltage of
the x-ray tube as a function of an input control voltage
at terminal 11, whereas current control circuit 9 regu-
lates the amplitude of the filament current as a function
of an input control signal at terminal 13. For example,
U.S. Pat. No. 3,164,723 shows how a triode amplifier
can be connected in series with an x-ray tube whereby
the triode impedance can be varied by varying a control
voltage applied to its control grid. A conventional x-ray
voltage control circuit with a triode or power transistor
connected in series with x-ray tube § and with its con-

‘trol electrode coupled to input terminal 11 would thus
. vary the operating voltage across tube 5 in response to

- a control signal appearing on input line 11. As to box 9,

... atransistor connected in series with the filament current

.. transformer for tube 5 and with its control electrode
... coupled to input terminal 13 could be used to control
- the amplitude of the tube filament current as a function
~ of a control signal thereat. The control signal input 11 is

connected to an output 15 of a control loop 17 and the

. control signal input 13 is connected to an output 19 of a

- change-over switch 23 which can be operated by means

* of an operating device 21 switch 23 has a first input 25

T

- connected to an output 37 of the control loop 17 and a
i -second input 29 for applying a control obtained from an
~-.output terminal 31 of an operating range limitation

function generator 32 to the control signal input 13.
Consequently, when performing exposure measurement
in which the change-over switch 23 assumes the posi-
tion shown the current through the radiation source 7 is
maintained at a given value I, with the aid of the
current control circuit 9. This circuit 9, which 1s active

- in the filament circuit of the radiation source 5, cannot
be controlled to a different value fast enough so as to
- make a quick succession of experimental exposures at

different current values possible. The current control
circuit 9 may be formed as described in U.S. Pat. No.
3,983,396.

The voltage representing I, and originating from
the output terminal 31 of the operating range limitation
function generator 32 is also applied to an input 33 of an
X-ray exposure meter 35, a further input 37 of which is
connected to an output 39 of a radiation-sensitive ele-
ment 41. The exposure meter 35 has an input 43 which

is connected to an output 45 of a conventional pulse
- signal source 47, such as a monostable-multivibrator the

output 46 of the pulse signal source 47 also i1s connected
to an input 49 of the voltage control circuit 7. The pulse
signal source 47 thus ensures that a given exposure
period of the radiation source §, which pertod may be
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made adjustable with the aid of the operating device 21,

can be obtained while also the exposure meter 35 is

4

activated at the correct instant. The exposure meter 35
may receive information from the operating device, for
example, about the film sensitivity to be used. However,
since the film sensitivity information is not necessary in
order to practice the invention, or for a proper under-
standing thereof, it will not be further described.

A control voltage corresponding to Ve for the first
exposure measurement of sequence is apphed to the

output terminal 15 from an output of the operating
device 21. However, for subsequent exposure measure-

ments of the same sequence, the currently stored value
corresponding to Vmin, will be used.

After performing a first exposure measurement at a
voltage Vs and a current I the exposure meter 35
applies a signal to an output 51. This signal i1s propor-
tional to the logarithm of the current value I, desired
for a given density and associated with the voltage V.
or V min. This signal will hereinafter be referred to as log
I, and at the end of the first exposure measurement 1s
log Iy.

The signal log I, is applied to a first input §3 of an
adder and subtractor circuit 55. A second input 57 of
this adder and subtractor circuit 55 1s connected to an
output 59 of a clamping circuit 61 which receives a
pulse signal at an input 63 at the instant of the exposure
measurement so that its output voltage i1s clamped at
Zero.

The clamping circuit 61 is controlled at an input 65
by a signal originating from an output 67 of a current-
voltage function generator 69 receiving at an input 71 a
voltage from the output 15 of the contral loop 17. This
input voltage thus is a measure of the voltage applied to
the radiation source 5 and during the first exposure
measurement will correspond to V. A voltage pro-
portional to the logarithm of the X-ray tube current
value for a given density associated with a given volt-
age at the radiation source 5 is produced at its output 67.
This signal is hereinafter referred to as log I.. The func-
tion generator 69 may utilize conventional function
generator design techniques for deriving a waveform of
the type shown, for example, by reference numeral 2 in
FIG. 1, and may consist of a logarithmgenerating diode
network. Very precise approximations to a given wave-
form can be achieved by combining summers, potenti-
ometers and multipliers, as is well known in the art, and
as described, for example, in the textbook by Korn and
Korn entitled, “Electronic Analog And Hybrid Com-
puters” (McGraw-Hill Book, Co.; 1964), chapter 6.

This signal appears at the output 59 of the clamping
circuit 61 and is shifted due to the operation of the
clamping circuit 61 in such a manner that the generated
function passes through the point which, after the n?*
exposure measurement, is associated with a desired

current value I,,, found for a corresponding test voltage

value. This signal is then proportional to log I:—log L.

The adder and subtractor circuit 5S has a third input
73 which is connected to an output 75 of the operating
range limitation nomogram function generator 32, an
input 79 of which is connected to the output 15 of the
control loop 17 and thus also receives a voltage which
is a measure of the voltage applied by the voltage con-
trol circuit 7 to the radiation source 5. The signal at the
output 75 is then proportional to the logarithm of the
nomogram current value associated with that voltage
and takes the general form of the curve 1 in FIG. 1.
Function generator 32 also may be designed in accor-
dance with the known teachings of the prior art, for
example as described in chapter 6 of the above refer-
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enced textbook by Korn and Korn. This signal is herein-

after referred to as log Iyg.

An output 81 of the adder and subtractor circuit 53 1s
connected through a switch 83, which can be operated
by means of the operating device 21, to a storage circuit
85, represented in this case by a capacitor 85. The out-
put 15 of the control loop 17 is connected to the capaci-
tor 85. Immediately after an exposure measurement the
switch 83 is temporarily closed and the control loop 17
is made active. This control loop will then attempt to
render the total input voltage of the adder and sub-
tractor circuit 55 zero.

When the first input 53 and the second mput 57 are
each an adder input and the third input 73 1s a subtractor
input, the total input signal of the adder and subtractor
circuit will become.

Log Ly,+(Log I:—Log ly,)—Log I

This will be zero for log I:=log Ing, i.e. for a point of
~ intersection of the load nomogram curve (1) and the
curve (2, 3, etc.) for the desired density. By the choice
of the phase of the feedback in the control loop this
point of intersection is chosen at the lowest voltage
value. The control loop then automatically applies to its
output 15 the control voltage for obtaining V yin, which
is applied to the an X-ray tube voltage control circuit 7.

The above described circuit arrangement performs
on a first command of the operating device 21 a first
exposure measurement with the aid of a voltage Vi
which is determined by a voltage which 1s applied,
before a series of measurements, to the capacitor 85 and
is obtained from an output 87 of the operating device 21,

which voltage with the aid of control circuit 7, pro-
duces the voltage V. at the radiation source 5. After

the first exposure measurement the point corresponding
to the current value I; is found for the radiation source
5 with the associated voltage value V. If a second

4,638,500
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input 91 of a conventional difference amplifier 93 the
other input of which is connected to ground. An output
95 of the amplifier is fed back through a capacitor 97 to
the input 91. This amplifier constitutes, with the capaci-
tor 97, an integrator circuit passing on the integrated

input current to an input 101 of a logarithm-forming

- circuit 103. The capacitor 97 is shunted by a switch 99
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exposure measurement is to be made, log Ijis stored in

clamp circuit 61. However, exposure meter 35 may not
generate a signal log I, because curve 2 is not precisely
accurate for all input voltages. The signals stored or

" generated by clamp circuit 61 and exposure meter 35,

- respectively, are equal only if curve 2 is correct. If the
signals differ the difference effectively causes a shift of

which discharges the capacitor 97 after each exposure
measurement.

An output 105 of the circuit 103 provides a voltage
which is proportional to the logarithm of the passed

radiation quantity at a voltage Vi and a current Iz

apphed to the radiation source 3.

‘This voltage is referred to as log Eqes:. This voltage 1s
passed on through a switch 106 to a storage capacitor
107 so that it remains available after the exposure mea-
surement. An input 109 of a conventional subtractor
circuit 111 is connected to the capacitor 107 and re-
ceives continuously the voltage Log E.. The voltage
Log ;.5 is applied via terminal 33 to another 1nput 113,
which voltage is a measure of the current intensity used

~for the radiation source. An output of the subtractor

circuit 111 applies to the output 51 of the exposure
meter 35 a voltage which is equal to Log I,:—Log
E.es. This has been rendered equal to Log I, in a simple
manner by the choice of a parameter for the exposure
meter. -

In the case of an exposure measurement the voltage
E,s: Obtained at the output 95 of the integrator 93, 97
varies with I;eg:, that is Etegr=k Itesr where Itest, as al-
ready mentioned above, is the current through the radi-
ation source during an exposure measurement. For a
desired density of the film the voltage at the output 95
would have to be equal to E,=k I, is the current
through the radiation source 5 required to provide the
desired density. The radio (Iw/Tresr) is equal to the ratio
(Ew/Eiess) from which it follows that --

=i ekl

w=Eur(I test/ Etest)

If for the desired density the output voltage of the inte-

- grator is chosen to be 1 V, then E,=1 and Ly=1sest/E:-

the curve 2 to the curve 3. After the second exposure 43

measurement we find I and V;;» and so forth. After
termination of a series of exposure measurements the

control loop 17 is interrupted with the aid of the switch

83 and the last voltage value found for V p;n, is stored in
the capacitor 83. This voltage passes through the oper-
ating range limitation function generator 32 to denve at
the output 75 the control voltage which will produce
the current value I, for the X-ray tube 8. The change-
over switch 23 which is then set to the upper position so
that the voltage at output 75 controls the current con-
trol circuit 9 to supply the X-ray tube with the desu.'ed
current intensity.

The function generatcrs 69 and 32 may be realized in

known manner with the aid of resistors, amplifiers and
diode networks.

FIG. 3 uses the same reference numerals for the cor-
~ responding components shown in FIG. 2.

50
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The input 37 of the exposure meter 35 receives a

current during an exposure measurement from the
radiation-sensitive element 41, which current is a mea-
sure of the radiation quantity passed by an object to be
examined. This current is applied through a switch 89,
which is closed during the exposure measurement, to an

65

 est) and log Iy=Ilog Isesr=10g Eress which is the voltage at
the output §1.

In FIG. 4 the input 65 of the clamping circuit 61 1s
connected to an input 115 of an adder circuit 117 an
output 119 of which is connected to the output 59 and
through a switch 121 closed during the exposure mea-
surement to an integration circuit which is constituted
by a capacitor 123 incorporated between an output and
an input of a differential amplifier 125. The output of the

latter amplifier 125 is connected to a second input 127 of

the adder circuit 117.

When the switch 121 is closed the voltage at the input
127 of the adder circuit 117 will be adjusted in such a
manner that the input voltage of the difference amplifier
125 becomes substantially zero so that the sum of the
voltage at the input 127 and the voltage at the input 113

will thus become zero. This actually means a shift to

zero of a voltage value applied to the input 113 or a zero
clamping of the voltage at the output 119 during an
exposure measurement. |
The adder and subtractor circuit 55 includes an adder -
circuit 129 to which the inputs 53 and 57 are connected

~and an output 131 of which is connected through a

resistor 133 to an input 143 of a difference amplifier 137.
An output 139 of the difference amplifier 137 is con-
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nected to the output 81 and through a resistor 141 to the
input 135. The input 73 is connected via a potential
divider 143, 147 to the input 135.

A voltage may be derived, if desired, from the output
131 of the adder circuit 129, which voltage 1s also a
measure of the desired current adjustment of the radia-
tion source S. For this voltage, however, the store 85 is
no longer active because the clamping circuit is present

in this circuit. The voltage at the output 131 may be
used for example to detect whether during an exposure

measurement a controlled state exists in the control loop
17. When this is not the case the voltage at the output
- 101 will exceed a given value and may be used to cause
a variation of one or more parameters or for blocking
the operation of the X-ray tube.

The described arrangement is very suitable for an-
- glography. |

The voltage scale used in the method and the device
for the characteristic may be arbitrarily chosen. A loga-
rithmic scale value use for the voltage coordinate may
be advantageous since it is then possible to obtain the
same percentual accuracy.

It will be evident that the described method can not
only be formed with mechanical and analog electrical
means but for example also with digital electronic cir-
cuits or by hand using only conventional meters for
measuring current and voltage. When using, for exam-
ple, sufficient stores of a computer program or of a
multiplier circuit for obtaining the current voltage func-
tions, even the use of a logarithmic current scale may be
unnecessary.

What is claimed is:

- 1. A method of determining voltage and current val-
ues to be applied to an x-ray source and associated with
a given exposure period of the x-ray source in which a
desired current time product is determined with the aid
of an x-ray exposure meter for a desired radiation quan-
tity comprising, determining the current time product at
a given voltage applied to the radiation source, and
determining, with the aid of a voltage-current function
related to the desired radiation quantity, which function
is passed through the current intensity associated with
the desired current time product, and with the aid of an
operating range limitation nomogram of the X-ray
source with the same current scale as the voltage-cur-
rent function, the point of intersection of the voltage-
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current function and the operating range limitation
nomogram having the lowest voltage value, said lowest
voltage value being taken as a target value for the cur-
rent determination with the aid of the load nomogram.

2. A method as claimed 1n claim 1, characterized in
that the current scale 1s a logarithmic current scale and
that the voltage-current function is passed through the
current intensity associated with the desired current

time product by shifting the voltage-current function
parallel to the current coordinate.

3. A method as claimed in claim 1 wherein, with the
aid of a subsequent x-ray exposure measurement made
at the previously determined lowest voltage value, a
further lowest voltage value is obtained by repetition of
the method as claimed in claim 1.

4. A method of finding the optimum values of voltage
and current to be applied to an x-ray radiation tube for
a given exposure period thereof comprising, energizing
the x-ray tube with a given operating voltage, deriving
the tube current by means of an x-ray exposure meter
for said given voltage and said given exposure period
thereby determining the desired current-time product
of the x-ray tube, using a voltage-current function re-
lated to the desired radiation quantity and which passes
through the values of said operating voltage and the
derived tube current to determine the point of intersec-

‘tion of the voltage-current function with the tube oper-

ating range limit nomogram having the lowest voltage
value, the tube current corresponding to said intersec-
tion point representing the optimum tube current and
the tube voltage corresponding to said intersection
point representing the optimum tube voltage for said
given exposure period to obtain the desired radiation
quantity.

5. A method as claimed in claim 4, further comprising

- supplying a given control signal to the tube while ener-

435
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gizing the tube with said given operating voltage so that
a predetermined tube current flows during the exposure
period. 7

6. A method as claimed in claim § further comprising
repeating the steps of claim 5 to make a second exposure
measurement but using as the tube operating voltage the
tube voltage corresponding to said intersection point
and determined by a first exposure measurement which

used said given operating voltage as the tube voltage.
x %X %2 % ¥



	Front Page
	Drawings
	Specification
	Claims

